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3. M = Abstract

Northwestern Pacific basin is the mastive region for tropical cyclone (TC)
genesis and occurrence. There are, on averagelGs approaching Taiwan and
surrounding area. The heavy rainfall associated with TC is the major reason for the
natural hazard (e.g. flooding, debris flow, and Iahding) in Taiwan. On the other
hand, the rainfall brought by TCs passing through Taiwan is important to the regional
water resources management, especially for southern Taiwan. The outlook for
seasonal TC activities is, therefore, vital for that psepo The extended (from
intraseasonal to interannual time scale) forecast and warning on the probability of TCs
affecting Taiwan can help government and society to take early action in the

necessary preparation and hazard reduction.

Right now the forecadtom intraseasonal to seasonal time scale is still a new
developing area for most of the meteorological operational centers. The need in
building a seamless forecast system from weather to climate, the study on the
predictability beyond weather, and th@dalation of largescale environment change
(such as intraseasonal oscillations, and ENSO) on the genesis and tracks of TCs all
these new developments and findings set up the possibility for such forecast
application direction. The proposed work will follathe progress of the dynamical
climate forecast system and make assessment of the feasibility and skill of numerical
prediction of TC activities with lead time from weeks and month toward intraseason
and beyond season. Using the TC like vortices deteetiml tracking scheme and
the study of predictability of largecale circulation change in intraseasonal and
interannual time scale, the project plan to examine the historical forecast from the
reforecasts of NCEP Global Ensemble Forecast System (GERS)Clhmate
Forecast System (CFS) and analyzing the potential on using similar forecast system
for extended forecast of TC making landfall to Taiwan.

Using NCEP CFSRR historical ensemfiescast data and apply TC detection
4



and trackingschemethe CFSorecast system isapable of simulating the contrast in
NW Pacific TC occurrence frequency between 1997 and 1998. But one should be
careful abouthe limitation of the assessment that is based on the prominent ENSO
event The potential skill for other yeamight be reduced and require additional study.
The MJO and bweekly oscillation in the tropics should also provide additional
guidance for TC activities over NW PacificNevertheless, the initial evaluation on
modeb s MJO simulatiorshown that theres still plenty of room for improvement.

For the historical forecaftom GEFS V2 using the forecast TC tracks provided by
theproject the forecast skill assessment for all typhoons affecting Taiwan (within the
300km radius from coast) in 198012 peria can provide a guidance for early

warningof typhoon events.
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Table 2. Contingency table of the performance of the weekly
ECMWF 32-day ensemble forecasts in predicting the westem North
Pacific TCs 05W through 28W during the 2009 season (2 July to 31
December 2009). The definition of Hits is LHV =02 (FAs: false
alarms; CNs: correct negatives).

Hits FAs Misses CNs
Week 1 22 38 2 2
Week 2 24 20 0 8
Week 3 20 39 1 2
Week 4 20 72 1 2

Table 3. Contingency table for the ECMWF 32-day ensemble
forecasts as in Table 2, except for TCs 01W through 19W during 2010.

COl Y ECMWF:>

N AT

K 20T A T

Hits FAs Misses CNs
Week 1 19 65 1 13
Week 2 17 24 2 27
Week 3 18 54 0 18
Week 4 15 60 3 18
20 ECMWF 32w N A M

Y 5 Tsaietal (2012)

20017 o M

YZu N Y Anderson et al., 2067
n p 74MBHA YQX 41+
¢AL W4 ACHA n M'QR )

Y Vitart and Stockdale, 20§Y N 0

Y Accumulated Cyclone Energy, AGE
QuéyYy XT MY

0 3y

n As



——

Forecast ———

Observations

+/- 1 Std. Deviation
2

Year (start of verification period)
3 XKEn -

S

!
1990 1991 1992 1993 1994 1995 1996 1967 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

.
0 y\?n + HURDAT
GAN Xxd AT

2 M J Y 19902007 T

0Y W 199020077 A d ™
Y
N + 0.72v w:s Vitarty

N
® NLeT6b 1w
oY t 41N

N kdT

P
L F’

I
0AT

A
A

é

ylubBas

2

E"

/ X

15w

t

>
phase3

in

= UVLEJ~ P
A ou s
1 unA Y -~

UB e <A

L. & Mi b
O wW ona
¢ o

T AN EYS

Hirons et al. (2013
AB | Vitart (2014) 1 p 1.MJOA

Y 3 20127 K

WkdGCTK F

>

251

1w
e

Y | 2. MJOAD

YESA®OD JU
T/
€6
Y TWbB

P9=

(subseasonal)

T 0ws AKX " a
By T
1764 nawB A~
E yuBe <A X't A2
X "HAYAY ZXx A ax q
AB | oM wd M
7Y 0Z nB Q y WK
A rYZ

2061 D

MJO

200271 K »
(" W MJO bivariate correlation 0 0.6
N EYoy

pn A MIOb

oy

=4

Wy T

ul

MJO »

W Q

phase®

A v

n, "~ B

L

A

=5 20027



[ ] 2 (Prediction skill )y, 'K = (Predictability )

K n 0 MJOA ey AMIJO W Y> n Q
n ATR <| 2 an . NACO n Y'HVY £ NKB Z
2l nb Yoyt Sy nY KZ 0 MIOAK <Y

n qQ w Y>>z~ ATR o] K ~a®0 JU Y'HWB
©O JUK FZXK |
J % o 2y K =Y C v nlLinetal(2008) p N MJO

bivariate anomaly correlation coefficidhe n, t

N
> [a, ()b (t.7) + ay(t)b, (1, 7))
=1

ACC(r) = ,n.-w' I
\ Z] [a1(1) + a3(1)) \ Z] [bi(r.7) + b3(1.7)]
W 2 £ WY au(t),a(t)t N°+ t M RMM1& RMM2Ybs (t ), H3(t )
£t N0t > _w QM RMM1é& RMMXYNt N 1 | Acc@
KO W A0~ EOFmode " E AT .. YK T
X9 YW 057" > U 1T ... OWv 057/ U W nA
2’ K o1 Y N > nvXYKsepue af ¢

n o w |

T 0 ECMWFY 1 A Mi (NCEP) MJOA R~
Wang et al (2013) erp K > 20w (W MJO bivariate anomaly correlation
coefficient 0 0.5t YYHK > 10 uw (W MJO bivariate anomaly
correlation coefficient v 0.8t L 1 NCEP MJOP X ECMWF
R A YO T ooy | Liuand Wang (2014) Y NCEP Boreal

Summer Intraseasonal Oscillation (BSI$D) 2t 1314 w (W bivariate
9



anomaly correlation coefficient 0 0.5t )Y >, N MJO TY K
- JL1 N BSISOA b Y MJOGC X RA
L
Kim et al. (2014w 3 > NCEPCIlimate Foreast Systenversion 2(CFSv2)

u, ECMWF Variable Resolution Ensemble Prediction Sys(§#arEPS)W o

N  MIOAK <[ )é 2L, Z7 AKX - 32wy (°
W bivariate correlation 0 0.5t ) 2 COl Y VarEPX 1 27w Y
n CFSvZ 1K > 2y (" W bivariate correlation 0 0.5t WYZz7 1

mt VarEPS V|
Neena et al (2014) n 3 Intraseasonal variability hindcast experiment
(ISVHE) MAUM DY KN MIOphaseiMIO AGO Jut Y
N MJOA K -rXx an | ZMTXx31 n° MJOphase2,3 (-
- )¥YX t VATXK <L X441 0n° secondary M@ K < K primary
MJO Y. ©5ueH]
MJO Task Force and Global Atmosphegigstem Studid6ASS) | 9
N QY nn ° MJO 0 wo u A®d | QxT*T
l. 199120103 ¥ T AGCM/CGCMS ™ ( Bool1) .
YOTC caselg, caseF  Z uhindcast 1ll. YOTC casekly, caseF PY LY
hindcagt LA 284 GCMMD 25% n K. D MJOG Yoy & &
O MIOX VA | . N MY NCARy LLNLA 2 X
> 20w W @ (W MJO bivariate anomaly correlation coefficiend 0.7 WYt Z

M V (Zh By 206 ®2)

® 1 YOTC ¢ A28M47 N

10



@

“ s m

1  01_NASAGMAO_GEOSS 0.625% lonx D.5° lat

2 Ta2 (~2.8°)
3 03b_SPCAMP_AMIP Ta2
4 04_GISS_ModelE2 2.75°lonx 2.2° lat
5 O05_EC_GEM ~1.8°
6 07_MIROC T85 (~1.5°)
7 | 10_MRI-GCM Tis9
8 11 _CWB_GFS T119 (~1°)
Clan. : A T62 (~2°)
10 | T63 ( ~2°)
11 17_MetUM_GA3
12 21 NCAR_CAMS
13 22_NRL_NAVGEMW.O1 T359 (37km)
14 24 UCSD_CAM Ta2 (~ 2.89)
15 27 _NCEPCPC_CFSw2 T126 (~ 1°)
16  31a_CNRM_AM
17 I T127 (~1.4°)
18 31c_CNRM_ACM
19 34 CCCma_CanCM4 T63(2)
20 35_BCCAGCMZ.1 T42 (~2.5 deg)
21 36_FGOALS2O-s R42 (2 8=lonx1.6%lat)
22 :

T63
23 37b_NCHU_AGCM
24 39_TAMU_Modi-CAM4 (CCSMA4) 25°lonx1.9°lat
25  A40_ACCESS (modified METUM) 1.875°lonx 1.25° lat
26 43_ISUGCM T42 (- 2.87)
27 44 LLNL_CAMSZMMicro
28  a5_SMHI_ecearth3 T255(80km)

2th Z~ YOTCA

Bun

in

30

555888

64
a7

42
30
a4

31

35(2)

26

31

26

85
18

91

Chikira scheme (Chikira and Sugivama 2010)

RAS (RAS; Moorthi & Suarez 1992)

Ssuper-parameterization
(Khairoutdinov & Randall 2003)
{Khairoutdinov & Randall2001) 1986-2003

Kim et al.(2012), Del Geino et al.(2012)

AMIP SST 1986-
2005
{Panand Randall 1998)

(RAS; Moorthi & Suarez 1992)
(RAS; Moorthi & Suarez 1992)
(Tiedtke 1989; Nordeng 1994)

(Hong and Pan 1996; Han and Pan 2011}
(Zhang & McFarlane 1995)
{Hong & Pan 1998)

Bougeault {1985)

(Zhang & McFarlane 1995)
(Wu et al 2011)
(Tiedtke 1989; Nordeng 1994)
(Tiedtke 1989; Nordeng 1994)

idealized tilted

Zhang & McFarlane 1995) heating

{Gregory and Rowntree 1990)
(Zhang & McFarlane 1995)

IFS cy36rd

T T LS e o7 Lo

in

]

Waliser et al.,

Mational Center for Atmospheric Research
Lawrence Livermore National Laboratory
European Centre

Meteorological Research Institute

U.K. Met Office

MNational Aeronautics and Space Administration
Swedish Meteorological Hydrological Institute
NASA / Columbia University

Centre National de Recherches Meteorologiques
U.K. Met Office

U.K. Met Office

University of Tokyo

University of Washington / Colorado State
University of Miami

MNaval Research Laboratory

Canadian Centre for Climate Change Modelling and Analysis

University of Tokyo

€ >

buBe «wON A 2HQ

o

GFS ECHAM5Z M &9 0

NCEPR2 né NY~

> 20 days
CAMS Z-M Micro > 20 days C7
IFS 19 days EC
MRI AGCM 19 days MR
MetUM GA3.0 17 days MO
GEQOS 5 AGCM 16 days NA
EC-Earth 3 16 days E3
GISSE2 15 days Gl
CNRM AM 15 days CN
MOGREPS Atmos 14 days (15 daysonly) MA
MOGREPS Coupled 14 days (15 daysonly) MC
MIROCS 13 days M1
SPCAM 3.0 13 days 5P
Linear Inverse Model 10 days LI
NavGEMO1 10 days NR
CanAMA4 7 days CcC
NICAM Good (12 dates only) None

(MOTC-CWB-100M-13W

3

o1 wd HSE

mé) 198141 3 20057 &

CFS OoP&xZ n°

CLIVAR MJO Working Group 2006T

tY WAX

A A

CJA (http://climate.snu.ac.kr/mjo_diagnostics/index.hingKim et al., 2009 ;

2009) Puéwm Y &

A 2y I BYN A

11

5 5

KLlg¢

o 2

n 41uaybua UB

y



(MOTC-CWB-101:M-14: & ¢ 1 wd HO ™ no 7 I u B

v

mé) & & T11969 0n° A0yba0aBO0 uwuBDO

GA Y Pué K|

E T A a3»>? 1 oY N A Qb n

|, NCEP CFSv2 E Y > 11-15u v GO 50%Y
" Cal > i F o Y Y  (Jia et al. 20132) X |
Kikuchiand Wang (200 537 wu D> U™ E Y Z MW Asia-Pacific

mode A 3€e )Y A

mh

T

8
a—

0. A ybyWw3ldeeée sA oY/l TACESK A0~
b

V. Y7 u o

Mo Mp ) nA |, Maloney and

Hartmarh2000ajA ¥in rp MIOAM 1B B Qbike €nen 1Y

O o8 NME" M A Y nH nf w A S5 b
X A ] Liand Zhotr 2013ay A¥n B CEwun 1020w, E
3060w, MJIOAU B NXblken €¢ - & WNoy
©A PHE)L O MuYe6llby~pvY., OGX A MO
N A 6 Wo> X-EA Y MJIO 0O b TB1 Y
nXeike AaM F Y § MDA 3 FY '+ MION 18 b
1 & AACEXY A |~ . naX A E Y 5 A
/07 1 dnXbike N no Al Y A o 0N’
E TB"H" DA M < ACEbPX A Ll uuls T
B A Y 2N>8 7VYb CE Z M ARY. XX Hnpy

Z AB ]

12



40N

30N 4
20N 1

10N A

40N

30N 4
20N 1

10N 1

40N

40N

30N 19
20N 1

10N 1

120E

40N

+ 20N

- 10N

40N

120E
Phase 7+8 |

- 30N
- 20N

120E

o

4cb

500mb
A 200mb

40N

—+ 30N

- 10N

- 30N

40N
- 30N
F 20N

- 10N
Y

JETIVE <

F 20N 4

Phase 1+2

Phase 1+2 200hPa

40N
30N
20N

oo 10N
CLANTD
120E 150E 180

Phase 3+4 500hPa
40N

30N

20N

10N 48

120E 150E 180

300 40N

e
30N

20N

10N

40N
30N
20N

O

120E 150E 180 120E 150E 180

150E 180
I I —
-6 4 -2 2 4 6
MJON~ T8 A 850mbx § 'ALA 850mb = XY eyY
y ALA 500mbE’ < XY MyYVY 200mbx y AL
XY Hy A, > | TX 95%t GA QUT 2

y Y €A =2t

MM>8B | ¥ = LiandZhou, 2013a

"1 1Y Chen and Sui (2010), Ching et al. (20101 P X An

d b

T

ENSO, MJOy,

NV 20007 3 20097

WwZM 16541 A D M

(TCn) t

a

0 yn=1AR

E A .Y ~A Anévn Y «x
GXb34b)MY wde -6 (TC)Y

A (TCd) 3144a /D> voOA

Y €e -6 (57 MIO ENSOAGBUT & -

B AY Equatorial Rossby Wave, &R 5 Wo>

(tropical cyclone genesis, TCG) A ...

13



o

m TCd TCn® ¢ (W 30w, Xd' &) £ 103 20
wA ERAs =N A .Y 0 5yY X 1094 TCd WMy @
ER 't A1TAX2 @ YPj TCd® 2/3 Wy« ER o'
t 1@ A TCnxY 110MYP 5 TCnd® 1/3 TCWN> (TCd /[TCd+ TCn])

a ER' t £ =+ K 50 y @ Ac § 'HA

X A2 TC|

TCn
L.

G

b

L
o
4+ i
P\j
W

o

VR

% ;ﬂ«‘&

T ek

5bTCd(a) TCn(bj] ERAe <( ) 30w xd <( )

(93

Mm X Y B84+ 10° n) w: Sui

a 0 K CE&RB, I GO Y ENSOf1 oA Y
Q TCd TCnw 1Ty A TymT MIO =+ y/b T8
YuWw 100w o Q p LA A n o’ oy MJOT8
H  z27Y (TCd+TCnyr €~ 1 A (¢ 100wA t 30-35v))
T oHMIO wxX? 1Y XB. ADd TCd, =~ | T
o0& MIOTB8Y Q yT " XGCMe O A& VK c TCWU>
] . Q ER <1 49y VYrA no 0 'HMIOTBYERA( )
-] CE (1o )TCW> Y _ urAN CE ER P, D

14



¢€Y Q YN TCdH TCWERA'A + 60007000et (A 63 7¥A ER

<M, DA TCd QY 6y yVZ A0 3 , yzX o« oy

yE’ £ < A ERd N <B]~ ER =M DA
TCd/ 0Vud n w=n AP M YERAT, ) L - ¥
Q j DA TCn/ zX N2 = AA |

6O ERA ~NTCd DAER Y + _ 2Mil (at OLR
(¢ YWmMm)y ERAs M OLR %( 1 Y + 2W/mAy 850m
&M MM Ym/sYy M U 03M0M | (o) ERA+ 850M &

~(x Y Bt shy e« 1 t 850ma Y t 1x10’ st
M Y t 1x10°s'm . Y ®y 80mMaNM | (c)
DMIi™H « E AN < (2 ) (1Y ®

y .Y t 3x107sY), W Sui,

15



ENSOAF 1 Kbl X e IBTrACS

IBTrACS WANP Passage Frequency Cold YEARS

6 v PXY A (Chan
2000, Saunders et al. 2000, Chia a
Ropelewski 2002, 6 7)Y 0

BT 01 e =COlY

o .
n _I_I_ X 'I( W e é - ' 1208 m;;e noe =0
© weeenayions Best Tinck Aoy o0 Cmats Samssig ( IITHALS | (Fescaasceynarn
<

—
® 2 =

“ » = »

6 WMo ne A Y

BT rACS WAR Pacssaga Fraqeancy

O NepV A
YaZ nXbke A <6R GO

€ blXe XEn-o |

¥
1006 1NE 140E B0E 150

O Frserrions Uensd Track Aiveny Sor Chamats Soeamianap | KYTTALS | | Foecesncyymar)

6 B W 1z 4 e B D= M oX A B

7ch N Kbl X o 5§ "y T
Yo ¥ TYt ¥y %xd
m A D YW IBTTACS N
t A

16



3y wn GA

<

y 8 o©0aM BYVvT wd Yy, My ob g &
BDq ENSOvYu 371 o yy 3060 wy ‘HuU B Y Intraseasonal
Oscillation, ISGy nbIX > 0 Y 1025wy Y énf & u
¢ cAwd 69N 1 ukK A FOWRE KU w

M O UJVA i YT pbH Lk

mo- uYPués> MA yubyas3u

e = vn A QYu p n ¢ BTUT VY L~ K
A YutzZ oY C€ otWJ &N A Mi Y NCEPy T
TN N QY W4 RV P QY

N 0 5 " nbyus3a &~ Ab PYW?D

T N N AN GH N XdA® Y ) 9/ CE O
M ° N T MA 17y - N Yu a
A3 MW KYn Lg KCA n° A Aé <oY / i

7 NOAAESRL/PSD ' A N N YGEFS  WuydH

N qué q Y CFSRR. YWZ 71 A QYW A4
R v P QY Mob Nim Yuéc€e

-0 0B T K névny MAA VI by

U4B 30 Kawé ¢ CIK A 4 ] L .o 1

TN N A® Q KCGRAY MAA yUubyaB3U

Kawsd ¢ CIK A 4 L] ¥nCGA YoYA M w

0o K Y ¢ svwnGCRAMNO |

wnvim N CHAC Yuw f

17



Q@ A Kk M N unYy. v 1 International Best Track

Archive for Climate Stewardship (IBTrACS, Knapp et al.,203,0)BTrACS 1t ¢ ™

n’ WoOMiH WA § A NAY 20v*s
U Cco 5 W Mit uyYp 1w BMN & Mi"H e
A 5 . NY ~ X  Mi AnXbiXo Y a7 T Lua

~p
"Hy n A N'QAtL 20137"HB A VvO3r05QAY M N <=3 20127+t
AY 8t 197920077 'HX IBTTACS NAA & . YnbiXxe (WP)

A Yaon, W 1000 E3 1801 EY] XX OR W Xt ]

8b 197920077 "HX IBTTACS NAA &  wn el (Kapp etal 2010)
(2)° MH ny Vv 1 .Y Tropical Rainfall
Measuring Mission, TRMM "HK A € =M NYRk £ <Xt

0.25elY0. 28¢/ &1t H © Y N "1 50° YT

NA- o ¢t YT 199771 115S2YQx T NYN Y N
b X YE QA ty | 60 TRMM N° MM K COl
ay YU un WV vy LT NY z = ¥ "Hu €
A € = 701 K unme NIY 201 t ywm |

3 N 5§ Mo dbOL nédnr ¢ Y A WNE T
M 5§ M Wy Y. "H vina ACHWT ¢ nMA 5 Y
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m Vitart and Stockdale(2000H /4 ACJA P 0 )

LbPp 1] nM Xo A N Y L AN
f o 5 A MET]L ~ GCE AgY van" nyn
N &€ «HN’ 5§ o> 1Y 8 urx 7
b WnaXblke A 5 0 v to”~ Yb 1 7

Al P Y Calibratiory H 0 Y Normalization, ¢ 1~ A
COl Y Kk Tsaietal. (2012 oMi N Y aN xd
5 . ACHAY 06 9% n- M A 2Y "o
Jug A E " § KWO YT oby®fei AP
QY L W AP - Y u TN |

Best-Track

form

Ensemble Storm Track
ort

oab N %dgé . ChA ¢ | (Tsaietal 2012)

4" &84 N N uY\NJg 771  NCEP/CFSRR (Climate
Forecast System Global Reanalysis and Seasonal ReforecastYprojectCFSRRY
Sahaetal. 20100H WA NJ| CFSRR B € d (GSI; Gridded Statistical
Interpolation Schemg) - (GODAS; Global Ocean Data Assimilation Systgm)
® (GLDAS; Global Land Data AssimiatioBystem) N" oN Yu , GFSE

& 2 néQ AB & QA - 0 (GFDL MOM4; Rk £ «:
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0.25° at equatorial 10 degree zone, 0.5°in glo#al;, ¢ =:40LE &
N (Noah Land mode]) CFSRR R A € sAné¢é 7 [qw
¢ :T382(~35km)L64q :T126L64;é w 4 11 : 0, 6, 12, 18Z; ¥ : 24;

9-month hindcastmitiated every 5th dayy] o  10]Y CFSRRA N T

N 1 né & bBG COlAo~ Nw |

For a new Climate Forecast System (CFS) implementation

Two essential components:

A new T382/1.64 global Reanalysis of the atmosphere, ocean,
seaice and land over the 31-year period (1979-2009) is required
to provide consistent initial conditions for:

A complete T128/1.64 Reforecast of the new CFS over the 28-year
period (1982-2009), in order to provide stable calibration and
skill estimates of the new system, for operational seasonal
prediction at NCEP

Jan 1 Jan 2 Jan 3 Jan 4 Jan 5 Jan 6 .
~ \ ) "\ Ty A \ ., ]
AL Add Mg AT
\4' A ) \‘l \‘
——* 9 month run = === ] season run e 45 day run

10b NCEPCFSRR N H A § | (Sahaetal 2010)

°

5) €& nA N unYy nA NOAA ESRL/PSD
GEFS Reforecast Version 2 T N ¥ Hamill et al. 2013Y
http://www.esrl.noaa.gov/psd/forecasts/reforecggtROAA ESRL/PSD 3 A j

N N YGEFS. Y #E®A 20127 QNCEPGEFSH P A
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FiG. 1. Global tropical cyclone track error (solid lines) and spread
(dashed) over ~5-yr periods during the reforecast. Statistics were
accumulated only for | Jun to 30 Nov of each year and included data
from all basins.

11h ERSL/PSD GEFS T NA TC J ué ] (Hamill et al. 2013)
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Chan 2000, Wang and Chan 2002, Wu et al. 2004, Carmago et al. 2005 eR.
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et al. 2011, Hong et al. 2011, Zhang et al., 2012, Wang et alyZ 3 CcpP
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281 Y International Best Track Archive for Climate Stewardship (IBTrACS)
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IBTrACS
1.Select those tracks
Strike Taiwan

GEFSV2 TCs Data
Collect 8 stage data

since lead time
0-18hrs to 168hrs

2.Decide specific day

1985-2012 28yrs

157 TCs strike Taiwan 1985:-2012 28yrs

1stage data set
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GEFSV2 TCs Data
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Time window
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